Abstract Purpose: To study the effects of a combination of Yiqi Huazhuo Gushen formula and valsartan on metabolic syndrome (MetS) complicated with microalbuminuria.
INTRODUCTION
Microalbuminuria (MAU) is not only an important disorder in MetS, but also a serious risk factor for angiocardiopathy [1] . Following treatment with anti-hypertensive, hypoglycemic, lipid-lowering drugs, some patients still remain MAU-positive, and the progression of renal disorder cannot be effectively controlled. This is associated with the fact that the renal damage in MetS patients is caused by a variety of risk factors which further aggravate MAU and impair kidney function [2] . Therefore, in the treatment of MetS MAU, comprehensive control and intervention for various risk factors must be strengthened so as to improve therapeutic effectiveness.
In the early stages, this research group utilized Yiqi Huaju formula to treat disorders (central obesity and non-alcoholic fatty liver) under the guidance of TCM gathering syndrome theory, with remarkable curative effects [3, 4] . According to analogous patterns in the same disease, if MetS patients have MAU, they usually have pathological changes such as evil heat damaging kidney, internal retention of damp turbidity, and static blood-blocking collaterals. Therefore, treatment should use drugs for replenishing kidney qi and clearing collaterals based on Yiqi Huaju formula which is incorporated into Yiqi Huazhuo Gusheni formula [5] .
Studies have shown that this formula can significantly improve insulin resistance in rat models of type 2 diabetes induced with highcarbohydrate, high-fat diet, and reduce urinary microalbumin [6] . In recent years, this prescription has been made into convenient granules for treating MetS-linked MAU, with improved curative effects.
METHODS

Patient's profile
Patients with MetS complicated with MAU who were recruited from Department of the Traditional Chinese Medicine, Shanghai Jiao Tong University Affiliated Sixth People's Hospital; Department of Integrated Traditional Chinese and Western Medicine, Huashan Hospital, Fudan University and Department of Endocrine; and Hospital of Integrated Traditional Chinese and Western Medicine in Yueyang, Shanghai University of Traditional Chinese Medicine, were randomly divided into two sets: control set (n = 50) given valsartan treatment, and Chinese herbal medicine (CHF) group (n = 50) given Yiqi Huazhuo Gushen formula in addition to valsartan.
Diagnostic criteria
Metabolic syndrome was diagnosed in Chinese Guidelines for Management of Dyslipidemia in Adults [7] . For positive diagnosis, the patient should have three or more of the following characteristics: (1) central obesity: waistline for men > 90 cm, and waistline for women > 85 cm; (2) blood TG ≥ 1.70 mmol/L (150 mg/dL); (3) blood HDL < 1.04 mmol/L (40 mg/dL); (4) BP ≥ 130/85 mmHg; (5) FPG ≥ 6.1 mmol/L (110 mg/dL) ), or 2 h plasma glucose after a glucose load ≥ 7.8 mmol/L (140 mg/dL), or a history of diabetes. At the same time, the level of microalbumin/creatinine in early morning urine detected on two different days should be between 30 and 300 mg/g.
Ethical approval
This study was ratified by the Ethics Committee of Traditional Chinese Medicine of the Sixth People's Hospital Affiliated to Shanghai Jiao Tong University (approval no. 20189506), and was conducted in accordance with the guidelines of Declaration of Helsinki issued in 1964 and amended in 1996 [8] .
Inclusion criteria
Patients who met the above diagnostic parameters code, and who were aged from 18 to 65 years, and those who signed consent form were included.
Exclusion criteria
Patients with type 1 glycuresis or SBP greater than 180 mmHg or DBP lower than 110 mmHg; patients with urine microalbumin/creatinine > 300 mg/g, or 24-h urine protein > 0.5 g/ 4 h, or ScR > 176 mmol/L; pregnant women and nursing mothers, and patients with cancer and mental illness, were excluded.
Research design
This study was stochastic, double-blinded and placebo-controlled, and was enrolled in the China Clinical Trial Registry (Registration No. ChiCTR-TRC-11001633). A total of 100 random numbers generated by Excel 2003 software were ranked in numerical order and separated equally into two groups. According to the distribution plan, random number cards were filled by a specially-assigned person and then sealed in opaque envelopes, and kept safely with blind codes. The hospital pharmacy gave drugs to patients based on the trial plan and prepared emergency letters for each participant during the trial. After the trial, a statistician uncovered the results blindly and counted the data. On completion of the statistics, the researchers uncovered the results again. In this trial, the participants were divided into treatment group (Yiqi Huazhuo Gushen granules plus valsartan, 80 mg once a day) and control group (placebo plus valsartan, 80 mg once a day), and the two groups were compared.
The sample size (n) in clinical trials was calculated using Eq 1 [9] .
A 10 % degree of drop-out was considered, where α = 0.05, β = 0.1, two-sided test. The sample capacity of this research was reckoned to be at least 96 cases, while 100 cases were eventually enrolled.
Treatment
All patients were required to control their diet, do appropriate exercise, and to be consistent in taking their pre-medications such as antihypertensive, hypoglycemic, lipid-lowering therapies before enrollment. The patients took the granules dissolved in warm water, twice a day, one pack a time, and the treatment course was 12 weeks. In the control group, in addition to valsartan (80 mg once a day), the patients were given placebo. The placebo contained the same herbs as Yiqi Huazhuo Gushen granules, but at one-twentieth of the dose in the treatment group. The herbs were made into granules with excipient and flavoring agents, and had the same color and taste as Yiqi Huazhuo Gushen granules (batch no. 110602). The method of administration and treatment course were similar to that of the treatment group.
Study parameters
MAU negative conversion
At the end of the treatment course, the criteria for evaluating MAU negative conversion were based on Chinese Expert Consensus on Screening and Intervention for Microalbuminuria in Hypertension and Diabetes Patients [10] . These were: negative conversion: urinary microalbumin/creatinine < 30 mg/g; maintenance: 30 mg/g ≤ urinary microalbumin/creatinine ≤ 300 mg/g; transformation to macroalbumin: urinary microalbumin/creatinine > 300 mg/g.
Urine-related indicators
Before and after treatment, early morning urine was collected from the participants so as to determine the level of microalbuminuria (MAU), urine creatinine, urinary albumin-to-creatinine ratio (UACR), urinary transferrin, urinary β2 microglobulin, and 24 h total urinary protein (24hTP).
Physical indictors
Before and after treatment, the relevant physical indicators of participants were measured, including SBP, DBP, MAP, weight, height, waistline and hipline; BMI and waist-to-hip ratio (WHR) were measured.
Blood glucose indicators
The participants' BSL were taken before and after therapy. The parameters measured were FPG, 2hPPG, HbA1c), and HOMA-IR.
Parameters related to blood lipids
Blood lipid indicators were determined before and after treatment.
Statistical analysis
Data were analyzed using software SPSS16.0, and are shown as mean ± SD. Data were analyzed by χ 2 test, and grade data were tested with rank sum test. Values of p < 0.05 were taken as indicative of statistical significance.
RESULTS
General baseline patient data
All the 100 patients with MetS-associated microalbuminuria diagnosed in out-or in-patient departments from December 2011 to December 2017 were without bias, divided into treatment and control groups, with 50 cases in each group. As shown in Table 1 , there were no significant variations in gender, age, duration of disease, and baseline medications between patients in both groups (p > 0.05). 
MAU negative conversion
MAU negative conversion in treatment group was significantly higher than that in the control group (28.00 % vs 10.00 %; χ 2 = 10.048, p < 0.01) ( Table 2) . Table 3 shows that there were obvious disparities in the levels of MA, UACR, 24hTP and urinary β2 microglobulin before and after treatment in the treatment group (p < 0.05). In the control group, MA, UACR and urinary β2 microglobulin before treatment differed significantly from the corresponding values posttreatment (p < 0.05). Moreover, after treatment, there were significant differences in the levels of MA, UACR, 24hTP and urinary β2 microglobulin levels both groups (p < 0.05). These results are depicted in Table 3 .
Urine-related indicators
Changes in physical indicators
Marked differences between the pre-and posttreatment values of BMI, WHR, SBP and MAP were seen in the treatment group (p < 0.05). In addition, there were marked differences in between the pre-and post-treatment levels of SBP and MAP in the control group (p < 0.05). After treatment, the two groups differed significantly as regards BMI, WHR, SBP and MAP levels (p < 0.05). These results are displayed in Table 4 . 
Blood glucose indicators
The results in Table 5 show that FPG, 2hPPG, HbA1c and HOMA-IR in differed significantly between patients in both groups, before and after treatment (p < 0.05).
Blood lipid indicators
As shown in Table 6 , TC, TG, LDL-c and HDL-c levels in the treatment group differed significantly from those in the control group (p < 0.05). Moreover, TG level differed significantly between the control group and treatment groups after treatment (p < 0.05). Blood lipid indicators (mean ± SD, mmol/L).
DISCUSSION
Increases in the prevalence of MetS (characterized by central obesity, hyperglycemia, hyperlipidemia, and hypertension) are associated with enhanced risks of diabetes and cardiovascular disease, and rapid increases in incidence of renal disease [11] . Microalbuminuria (MAU) is an important symptom of MetS. It is not only a sensitive indicator for diagnosing early diabetic nephropathy and other causes of kidney damage, but also a sign of extensive vascular dysfunction [12] . Due to the multiplicity of factors that impair kidney function, MetS patients have higher incidence of MAU than patients with simple diabetes or hypertension, and their kidneys are subjected to more threats. Patients with type 2 diabetes and MetS have incidence of MAU-positive almost 14 % higher than type 2 diabetic patients without MetS, and the prevalence of MAU rises with augmentation of MetS components [10] . Moreover, MAU is a strong factor for predicting cardiovascular ailments. Clinical studies have revealed that the risks of carotid intima thickening, left ventricular hypertrophy, ischemic cardiac events, and peripheral vascular disease are much higher in hypertension and/or diabetics with MAU than in people without MAU [13] . Thus, early prevention and treatment of MAU is of great significance in preventing and delaying the development of MetS-associated kidney damage, thereby ultimately preventing cardiovascular disease.
In this clinical trial, the participants were routinely treated with Western medicines including hypoglycemic, hypotensive, and lipid-lowering drugs before enrollment, but even if their blood glucose, blood pressure and blood lipids were partially regulated, they had MAU as before. This suggests that apart from the common controllable aspects including blood pressure, blood glucose, and blood lipids, the renal function of MetS people with MAU may be impaired by factors that are not fully recognized or effectively controlled, the so-called "residual risks". Therefore, strengthening the management of "residual risks" can further improve the effectiveness of treatment.
The basic pathological link to MetS is insulin resistance [14] . Insulin resistance and its accompanying hyperinsulinemia can result in high filtration, high perfusion, high pressure and high aggregation of glomeruli [15] . Hyperinsulinemia dilates afferent arteries, elevates glomerular filtration rate, enhances renal plasma flow and changes renal hemodynamics, leading to glomerular hyperfiltration, high perfusion, and high pressure. In addition, it can directly affect the kidneys, promote sodium retention, elevate systemic blood pressure, and further augment glomerular internal pressure, thereby aggravating kidney damage. It can also damage vascular endothelium, stimulate the generation of endothelial cell plasminogen activator inhibitor (PAI-1), and cause hypercoagulable state, thus aggravating vascular lesions, and impairing the renal function by releasing inflammatory factors and inhibiting the renin-angiotensin system [16] .
Individuals with central obesity are at high risk of developing MAU, since the former is linked to resistance to insulin [17] . Therefore, enhancing the sensitivity of insulin and improving central obesity are important ways to reduce MetSassociated MAU, for which treatment there are no ideal drugs in Western medicine. Rosiglitazone, a representative of insulin sensitizers, may increase the danger of angiocardiopathy (including myocardial infarction, stroke, and heart failure), which strictly restricts its use [18] . Traditional Chinese medicine (TCM) has a good prospect in this respect.
In this clinical trial, TCM theory and the modern medical knowledge of MetS were combined to propose the innovative idea of gathering syndrome and analogous patterns in the same disease. Insulin resistance in MetS is seen in TCM as non-transformation due to spleen deficiency. Congenital deficiency or large food intake and lack of exercise damage organ qi transformation, especially spleen qi transformation, so that spleen qi fails to distribute essence, and essential qi is unable to flow, and food cannot be transformed, resulting in glucose or lipid metabolism disorder. Thus, lipids accumulate in the abdomen leading to the development of central obesity. Furthermore, blood lipids, blood glucose, and blood pressure are elevated, and visceral fat infiltration become transformed into pathological factors such as evil heat, dampness and turbidity, and blood stasis which further damage target organs [19] . With respect to MetS patients with MAU, according to the idea of "same disease with similar syndrome", the patients have "spleen deficiency" and the common pathogenesis of "gathering syndrome", and also have similar syndromes such as kidney-damaging evil heat, internal retention of turbidity, and blood stasis blockage of collaterals. Thus, Ludouyi and Liuyuexue were added to clear heat and drain dampness, while Fupian was used to warm yang and supplement the kidney based on Yiqi Huaju formula. With cold and warm drugs, this formula is known as Yiqi Huazhuo Gushen formula [20] . The granules used in this study were made from this formula.
Cytological experiments were conducted on some ingredients in Yiqi Huazhuo Gushen formula, and it was found that astragalan, berberine and total flavonoids of Pollen typhaecan acted on some signal transduction pathways such as phosphatidylinositol 3-kinase or β-arrestin-2, enhanced the sensitivity of insulin, and increased the utilization of glucose by cells [21 -25] . In previous animal experiments, it was observed that Yiqi Huazhuo Gushen formula also has insulin-sensitization effect in diabetic rat models, which conforms to the findings in this study [26] . Combined with results of previous studies, it can be seen that Yiqi huazhuo Gushen formula significantly improves abnormal distribution of lipids and increases insulin sensitization.
The BP of individuals with MetS should be regulated to 130/80 mmHg or even lower. In this study, the patients in both groups took antihypertensive drugs before enrollment, but most of them had abnormal blood pressure (higher than 140/90 mmHg). After treatment, the SBP and mean arterial blood pressure of both groups were markedly reduced, with the treatment group having a greater reduction in blood pressure. In another study, a positive correlation between multiple blood pressure parameters in patients with metabolic syndrome and insulin resistance was confirmed [27] . Therefore, it may be inferred that Yiqi Huaju granule is effective in controlling blood pressure in MetS patients with MAU, due most probably to insulin sensitization.
The findings of this study reveal that the MAU negative conversions were 28.00 and 10.00 % in the treatment and control patients, respectively. The treatment group had better MAU negative conversion than the control group. In terms of urine-related indicators (MA, UACR, 24hTP, and urinary β2 microglobulin); physical signs (BMI, WHR, SBP, and MAP); blood glucose indicators (FPG, 2hPPG, HbA1c, and HOMA-IR), and blood lipids (TG), improvements in treatment patients were superior to those in control patients.
Limitations of the study
A small number of samples was used in this study. It is necessary to enlarge the sample size in future investigations, and study the link amongst Yiqi Huazhuo Gushen formula, metabolic syndrome and microalbuminuria. 
CONCLUSION
